From the many species belonging to the brown algae of the genus Sargassum (Sargassaceae, Fucales), structurally unique secondary metabolites with various biological activities have been found. [1] [2] [3] Concerning these bioactive metabolites, the structure-activity-relationship towards the development of new drugs or supplements, and the biological functions in the algae themselves were yet unclear. In the course of our investigations 1,2) on biologically active constituents from algae, two new chromane derivatives 1 and 2 were isolated from the brown alga, Sargassum micracanthum (KUETZING) ENDLICHER (togemoku in Japanese). In this paper, we wish to report the isolation and structural elucidation of the new chromanes from this alga.
simultaneously obtained from S. micracanthum, with the exception of one oxymethine group in the side chain at C-10Ј. Two-dimensional (2D) NMR (COSY, HMQC, HMBC) analysis confirmed the gross structure of 1. E stereochemistry of olefin was determined by the chemical shift value of olefinic methyl carbon connecting to C-4Ј (d C 15.7 ppm), which is observed in the higher field region in the 13 C-NMR spectrum. The absolute configuration at C-2 bearing the side chain was established as R by Crabbe's rule with the circular dichroism (CD) data. 3, 4) On the other hand, the absolute stereochemistry at C-8Ј was still unclear and the reference did not describe it. 3) We decided to determine the chiral center at C-8Ј by an alternative modified Mosher's method with methoxy-(2-naphtyl)acetic acid (2-NMA), 5) which can demonstrate the stereochemistry of both the a-carbon with secondary hydroxyl and the adjacent b-carbon with a methyl group in the case of acyclic compounds. Some 2-NMA esters of 3 were prepared first, and assigned the stereochemistry at C-8Ј by NMR analysis. After that, the physical properties of 1 would be compared to those of the synthetic 1 obtained from 3 by chemical conversion.
Because the di-2-NMA esters of 3 could not be obtained in one step with normal condition using N,NЈ-dicyclohexylcarbodiimide (DCC), we prepared two series of 2-NMA esters using 6 and 7 as show in Chart 1. Two hydroxyl groups in 3 were both protected as methoxymethyl (MOM) ether to give 5, followed by C-9Ј carbonyl reduction with NaBH 4 to provide a 4 : 3 mixture of secondary alcohols. After separation of the diastereomeric mixture by HPLC, these secondary alcohols were independently treated with (Ϯ)-2-NMA, DCC and catalytic 4-(dimethylamino)pyridine (DMAP) to prepare totally four 2-NMA esters (8-11). HPLC (recycle) purification for the former mixture of 8 and 9 and the later 10 and 11was carried out, and then the CD spectra were measured for each 2-NMA ester. The cotton effect in CD spectrum around 240 nm based on the orientation of the naphthalene ring was revealed their chiralities in 2-NMA. These observations led to the compounds 8, showing an early retention time (t R ), and 9, a late t R , to possess (S)-and (R)-2-NMA esters, respectively, as well as 10 having an early t R , and 11, a late t R , to be also determined as (R)-and (S)-2-NMA esters, respectively. In order to evaluate the Dd H values (d (R)-2-NMA Ϫd (S)-2-NMA ), NMR spectra including 13 C, COSY and HMQC afforded complete assignment for all protons of four 2-NMA esters. Figure 1 shows Dd H values of two series. The positive and negative areas of Dd H values for the C-9Ј secondary hydroxyl group were suitably arranged. Both the absolute configurations at C-9Ј of compounds 6 and 7 were confirmed as (S) and (R), respectively, by modified Mosher's method.
The stereochemistry of the adjacent C-8Ј carbon with a methyl group was also determined above Dd H values. Figure 1 obviously showed the series of 6 to be observed smaller |Dd H | values at C-6Ј and C-7Ј such as 0.24 and 0.35 ppm, respectively, however, those of 7 to be found larger values such as 0.41 and 0.43 ppm at C-7Ј and 0.34 ppm at C-6Ј. These findings concluded the configuration of 6 to be assigned as anti and that of 7 to be syn, thus the absolute stereochemistry at C-8Ј of 3 to be determined as (S) configuration.
The chemical conversion of compound 3 to 1 was depicted in Chart 2. The diacetate analog 12 was reduced with SmI 2 in the presence of acetic acid as a proton source at 0°C in THF to give mostly 13 and a small amount of the conjugated isomer 14 in good yield. Hydrolysis under weak basic condi- C-NMR spectra of 2 indicated a lot of similarities to those of 1 (Table 1) , however, some exceptions were found. For example, the IR absorption due to an additional conjugated carbonyl moiety was observed at 1716 and 1659 cm
Ϫ1
, and the UV absorption maxima (225 nm) were also newly detected. Two new signals corresponding to the conjugated sp 2 carbons appeared in the H-NMR and COSY analysis also supported a partial structure of an a,b-unsaturated carbonyl group from H-7Ј to H-9Ј in the side chain. The gross structure of 2 was elucidated by HMBC analysis. E stereochemistry of two olefins at C-3Ј to C-4Ј, and C-7Ј to C-8Ј were determined by NOESY analysis. NOEs were observed between H-2Ј and methyl protons at 4Ј-Me, and between H-6Ј and methyl protons at 8Ј-Me. The absolute configuration of C-2 was assigned as R configuration based on the cotton effects in CD spectrum. These results concluded another new chromane derivative 2 to be assigned
The biological activity of above mentioned compounds including some chemically modified derivatives are also under investigation.
Experimental
CD spectra were measured with a JASCO J-805. Medium-pressure liquid chromatography (MPLC) was carried out with a Tosoh SC-8020 apparatus using a CIG prepack column (silica gel, CPS-HS-221-05, for normal phase). HPLC with a recycling loop was conducted with a YMC-Pack SIL-06 column (silica gel, SH-043-5-06, normal phase). The other spectral measurements were carried out with the instruments described in the previous paper.
2)
Material The brown alga, Sargassum micracanthum (KUETZING) ENDLICHER (order Sargassaceae, family Fucales), was collected off the coast of Toyama Bay, Toyama Prefecture, Japan, in September 2003, at a depth of 2-8 m. A voucher specimen (No. SM-0307) has been deposited at our laboratory in University of Toyama.
Extraction and Isolation Wet specimens (3.8 kg) were immersed in methanol (3ϫ3 l). After filtration, the combined extracts were concentrated under reduced pressure. The methanol extract (386 g) was dissolved into a mixture of chloroform-methanol (3 : 1, 0.6 l), and then the precipitate was filtered with a sintered glass filter to remove highly polar compounds and salts. The precipitate on the glass filter was rinsed with a small amount of a 3 : 1 mixture of chloroform-methanol. The combined filtrate was concentrated under reduced pressure to give a chloroform-methanol (3 : 1) soluble portion (105 g). An aliquot of this portion (14.0 g) was chromatographed on a silica gel column (300 g). Stepwise elution with chloroform-methanol (99 : 1, 9 : 1 and 1 : 1, 400 ml of each) gave three fractions. The second fraction (3.0 g out of 4.4 g) eluted with chloroform-methanol (9 : 1) was sub- C-NMR, see Table 1 . HMBC (H→C): H-3→C-2, C-4, C-4a, C-1Ј, 2-Me; H-4→C-2, C-3, C-4a, C-8a; H-5→C-4, C-6, C-8a; H-7→C-5, C-6, C-8a; 2-Me→C-2, C-3, C-1Ј; 8-Me→C-7, C-8, C-8a; H-1Ј→C-2, C-3, 2-Me; H-2Ј→C-1Ј, C-3Ј, C-4Ј; H-3Ј→C-2Ј, C-4Ј, 4Ј-Me; H-5Ј→C-3Ј, C-4Ј, C-6Ј; H-6Ј→C-4Ј, C-5Ј, C-7Ј; H-7Ј→C-5Ј, C-8Ј, C-9Ј, 8Ј-Me; H-8Ј→C-9Ј, C-10Ј, 8Ј-Me; H-10Ј→C-8Ј, C-9Ј, C-11Ј, C-12Ј; H-11Ј→C-9Ј, C-10Ј, C-12Ј, 12ЈE-Me, 12ЈZ-Me; 4Ј-Me→C-3Ј, C-4Ј, C-5Ј; 8Ј-Me→C-7Ј, C-8Ј, C-9Ј; 12ЈE-Me→C-11Ј, C-12Ј, 12ЈZ-Me; 12ЈZ-Me→C-11Ј, C-12Ј, 12ЈE-Me. CD lmax (MeOH) De224 ϩ3.8, De295 Ϫ10.6 (cϭ0.12 mM).
Preparation of Dimethoxymethyl Ether 5 To a solution of 3 (60 mg, 0.14 mmol) in dichroloethane (0.6 ml) was added N,N-diisopropylethylamine (0.10 ml, 0.56 mmol) and chloromethyl methyl ether (0.03 ml, 0.42 mmol) stirred at 40°C for 8 h. The reaction mixture was diluted with a mixture of hexane and ethyl acetate (2 : 1, 40 ml), and then washed twice with water and brine. The organic layer was dried and concentrated under reduced pressure. The residue was purified by silica gel column chromatography [hexane-ethyl acetate (5 : 1)] to give 5 (69 mg, 95% yield).
Compound 5 Colorless oil. 
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Chart 2
Conversion to 6 and 7 Compound 5 (69 mg, 0.13 mmol) was treated with sodium borohydride (5 mg, 0.13 mmol) in MeOH (1.0 ml) at 0°C under N 2 atmosphere. After stirred for 1 h at 0°C, saturated ammonium chloride solution (0.01 ml) was added to terminate the reaction. The mixture was concentrated under reduced pressure. The residue was poured into a separation funnel containing a mixture of hexane and ethyl acetate (2 : 1, 40 ml), and then the combined mixture was washed twice with water and brine. The organic layer was dried and concentrated under reduced pressure. The residue was separated by silica gel column chromatography [hexane-ethyl acetate (4 : 1)] to give a diastereomer mixture of 6 and 7 (67 mg, 97% yield). 1 H-NMR analysis suggested the ratio to be 4 : 3. These products were purified by HPLC [hexane-ethyl acetate (5 : 1), flow rate: 3 ml/min] to give the pure alcohols 6 (34 mg, t R : 32.8 min) and 7 (26 mg, t R : 35.4 min).
Compound 6 Colorless oil. IR (dry film) cm
Ϫ1
: 3430 (br), 1651. Preparation of 2-NMA Esters 8 and 9 To a mixture of 6 (20 mg, 0.039 mmol), (Ϯ)-2-NMA (15 mg, 0.070 mmol) and DMAP (5 mg) in dichloromethane (0.7 ml) was added DCC (16 mg, 0.078 mmol) at room temperature under N 2 atmosphere. After stirred for 1 h, the reaction mixture was diluted with ethyl acetate (2 ml), followed by filtration through a small plug of silica gel. The filtrate was concentrated under reduced pressure. The residue was separated by silica gel column chromatography [hexane-ethyl acetate (4 : 1)] to give 2-NMA esters 8 and 9 (25 mg, 90% yield). The mixture of 2-NMA esters was subjected to a recycled HPLC [hexane-ethyl acetate (7 : 1), flow rate: 3 ml/min, recycle: six times] to provide 8 [9 mg, with (S)-2-NMA, t R : 271 min] and 9 [10 mg, with (R)-2-NMA, t R : 276 min].
Compound 8 Colorless oil. CD lmax (MeOH) De239 ϩ38.2 (cϭ0.33 mM). C-8a) 
